Objective: To determine current methods used by dietitians for estimating the energy requirement of a chronically and acutely ill adult patient and the variation in the application of methods. Design: A cross-sectional survey including a case study. Setting: Acute care adult hospitals in Australia. Subjects: A total of 307 dietitians (66.2% response rate). Intervention: Surveys were posted to hospitals. A reminder letter was sent to all hospitals 2 weeks after the initial posting and a follow-up survey was sent 6 weeks after the initial posting to non-respondents. Results: Respondents calculated a mean energy requirement for the case study of 978071410 kJ/day. One-third of respondents calculated energy requirement within 7500 kJ of the mean. Respondents primarily used the Schofield equations (67.4%) followed by the Harris-Benedict equations (25.9%) to estimate energy requirement. Estimates using the Schofield equations calculated the highest mean energy requirement. The median injury factor used in the calculations was 1.3 (1.0-1.5). The values and reasons for the selection of injury factors varied widely. Calculated energy requirement did not differ with the aims of nutritional careFmaintaining current weight (970071370 kJ/day) or increasing weight (979071380 kJ/day). Conclusion: There was considerable variation in the methods and factors used for estimating energy requirement, resulting in a wide range of calculated requirements. The application of prediction methods to individuals in acute care does not appear to be universally understood among dietitians. Dietitians require an understanding of the correct application, appropriate use, and limitations of these prediction methods.
Introduction
Prediction equations are commonly used by dietitians to estimate patients' energy requirements (Schofield, 1985; Owen et al, 1986 Owen et al, , 1987 Mifflin et al, 1990; Vinken et al, 1999) . Although practical and easy to use, the accuracy of these equations is questionable. A recent review of methods for predicting energy requirements indicated that they may be less than ideal as the Western population has changed since their formulation (eg changes in body composition, lifespan, ethnicity) and the equations have poor predictive value at the individual level (Reeves & Capra, 2003) .
The provision of adequate nutrition support will ensure that patients attain and maintain a desirable body weight and improve nutritional status. The success of nutrition support relies on the provision of adequate energy and nutrients, which in turn is based on dietitians accurately estimating energy requirements (Roza & Shizgal, 1984) , while avoiding any negative outcomes associated with under-or overfeeding (Coss-Bu et al, 1998; White, 1998; Flancbaum et al, 1999; Gibney, 2000) . Theoretically, to maintain weight within 71 kg over 3 months, energy intake should be within 73-6% of energy expenditure, based on energy requirements between 6000 and 12 000 kJ/day (1433-2867 kcal/day) (Reeves & Capra, 2003) .
There is little literature describing how dietetic professionals use the prediction equations in practice. A survey of dietitians regarding the energy requirement of a critically ill child indicated a large variation in the calculated energy requirement, ranging from 2500 to 11 500 kJ/day (597-2747 kcal/day) (White, 1998) . No other surveys of dietetic practice have been identified.
The aims of this study were to determine current methods used by dietitians for estimating the energy requirement of a chronically and acutely ill adult patient and to determine the variation in the application of methods, in order to better inform practice.
Methods
Sample Dietitians working in hospitals across Australia were used as the sample. The exact number and location of dietitians working in hospitals is unknown; therefore hospitals were used as the identifiers of where dietitians were located, rather than for identifying individual dietitians themselves. The Australian Hospitals Directory (2000) was used to identify hospitals with more than 100 beds. Surveys were also sent to hospitals with less than 100 beds but which stated they provided Dietetic Services. Surveys were not sent to rehabilitation-or repatriation (war veterans)-only hospitals or children's-only hospitals. A total of 226 hospitals were sent surveys.
Survey
The survey was divided into three sectionsFworkplace and education details, a case study and usual dietetic practice. Workplace and education details were used to collect demographic data. A case study of a postsurgical cancer patient was presented (Box 1). Respondents were asked to indicate how they would estimate or calculate the patient's energy requirement by showing or describing any calculations and working out, stating the prediction equation or the method used, stating any additional factors used and how each was selected, and providing an estimate. Respondents were also asked to rate how important they thought it was to estimate accurately the energy requirement for the given case study (scale of 1-7, with 7 being 'very important').
Finally, respondents were asked to select short-term nutritional care goals for the case. Information relating to respondents' usual dietetic practice, with respect to estimating energy requirements, was also collected. A group of experts was used to pilot the survey to assess content and face validity.
Procedure
A cross-sectional survey was conducted. One survey per 100 beds was sent to each hospital. A total of 528 surveys were initially posted together with stamped addressed envelopes to encourage responses. Dietitians were asked to return spare surveys if more surveys were sent than the number of dietitians in the hospital, so that the sample size could be adjusted accordingly. Following the initial posting, a reminder letter was sent 2 weeks later to all hospitals. At this time, hospitals included in the study that did not state that they provide Dietetic Services were contacted by phone to ascertain whether any dietitians worked at the hospital. Sample sizes were adjusted accordingly. Follow-up surveys were sent to nonrespondents 4 week later. The process was based on the method described by Jackson and Furnham (2000) .
Statistical analyses
Statistical analyses were carried out using SPSS for Windows (Version 11.0.1, 2001 , SPSS Inc., Chicago, USA). Categorical variables are presented as counts (percentage). Continuous variables are presented as means7standard deviation, when normally distributed, or median (range), for variables not normally distributed. Two-sample analysis using Fisher's exact test was performed to determine if respondents were similar to nonrespondents with respect to work and geographical location.
One-way analysis of variance (ANOVA), Fisher's exact test, independent sample t-tests and Pearson's correlation were used to compare characteristics of respondents with the methods used and calculated energy requirement. Statistical significance was set at the conventional 95% level (twotailed).
Results
A total of 528 surveys were sent to dietitians working in acute care adult hospitals across Australia. Returned spare surveys and phone calls to hospitals reduced the total sample size to 464. In all, 307 (66.2%) completed surveys were returned. Respondents and nonrespondents did not differ with respect to work (public or private) or geographical (metropolitan or nonmetropolitan) location. Characteristics of respondents are shown in Table 1 . Respondents had completed their dietetic education from all Australian universities, which had graduates in dietetics at the time of Box 1 Details of the case provided in the survey A 50-y-old man is admitted to the ward post-laryngectomy for excision of a cancer of the larynx. He is in a stable condition and resting in bed. He currently weighs 54 kg and is 170 cm tall. He lost 7 kg over the last 6 months because of dysphagia, but his weight was stable and his intake was adequate during the 2 weeks prior to surgery. the survey. Only 6% (18) of respondents had overseas qualifications.
The results presented are based on responses to the case study. Six surveys were returned without the case study completed. Three of these stated they worked only with paediatric patients and therefore would not see this type of case and two stated they would not see this type of case without any reason given. One was left blank with no comment. Some respondents (37) completed part of the case study but did not calculate an energy requirement.
The mean calculated energy requirement of the case study was 978071410 kJ/day (23367337 kcal/day), ranging from 4681 to 15 100 kJ/day (1118-3607 kcal/day). Only 18.5% of respondents provided a range for the estimated energy requirement. One-third of respondents calculated energy requirement within 7500 kJ (119 kcal) of the mean.
The importance of the calculation was rated 5 or greater (scale of 1-7, with 7 being 'very important') by 82% of respondents, indicating that respondents thought it was quite important to estimate accurately the energy requirements for the given case study. There was a statistically significant but low correlation between importance of calculation and calculated energy requirement (r ¼ 0.201, P ¼ 0.001). That is, a higher level of importance rating was associated with a slightly higher calculated energy requirement.
The methods used by respondents to determine the energy requirement for the case are shown in Table 2 . Almost onethird (96) of respondents noted that their choice of prediction method, between Harris-Benedict and Schofield equations, for the case study and in general practice was determined by the amount of information available for the patient. For example, Schofield equations were used if an accurate height was not available.
There was a significant difference between the method used and calculated energy requirement (F (4,259) ¼ 8.840, Po0.001). The energy requirement calculated using the energy per kilogram method, 731071436 kJ/day (17467343 kcal/day), was significantly lower than that from the Harris-Benedict equations, 933271338 kJ/day (22297320 kcal/day) (t 67 ¼ À3.518, P ¼ 0.001), and Schofield equations, 10 02971342 kJ/day (23967321 kcal/day) (t 191 ¼ À4.879, Po0.001). Estimates using the Schofield equations were significantly higher than those using the Harris-Benedict equations (t 248 ¼ 3.569, Po0.001).
The median activity factor was 1.2 (1.0-1.4), which was used by 72.5% (200) of respondents. The median injury factor was 1.3 (1.0-1.5), which was used by 35.4% (98) of respondents. There was greater variation in the value used for injury factor than for activity factor. Almost 10% (26) of respondents did not use an activity factor and approximately 6% (16) did not use an injury factor.
Only 26.9% (53) of respondents used the combination of the Schofield equation with an activity factor of 1.2 and an injury factor of 1.3, while 21.3% (42) used an activity factor and injury factor both of 1.2. One-third (24) of respondents who used the Harris-Benedict equations used an activity factor of 1.2 and an injury factor of 1.3.
The values and reasons provided for the selection of injury factors varied among respondents. Injury factors were usually selected for surgery, cancer (cancer cachexia) or weight loss or a combination of these factors (Table 3) . Only 32 (12.3%) respondents who stated an injury factor provided a range for the injury. Where a range was provided, the mean value was used. Most commonly, respondents selected an injury factor for 'surgery' with a median value of 1.2. Some respondents (26) specified the injury as 'minor surgery', whereas a small number (8) classed a laryngectomy as 'major surgery'. The median injury factor value was the same (1.3) for 'cancer' alone, 'cancer plus surgery', and 'cancer plus surgery plus previous weight loss'. The greatest range in injury factor values was evident for 'cancer' and 'surgery plus previous weight loss', within a range of 40%. Only 7% (14) of respondents who provided a reasoning for injury factor Multiple methods refers to more than one prediction method used in the estimation.
selection, selected the injury based on the two acute conditionsF'surgery and previous weight loss'. The underlying chronic condition, 'cancer', was selected as part of the injury factor for more than half of the reasonings. Current weight was used in the calculation of energy requirements by 54.5% (150) of respondents, with 28.7% (79) using usual weight. One-third (49) of the respondents, who used current weight in the calculation, added extra energy for weight gain. Of the respondents who added extra energy for weight gain, 14% (8) used a weight greater than current weight in their calculation.
More than half (169) of the respondents identified maintaining current weight as a short-term nutritional care goal for the case. Almost 20% (58) of respondents aimed to achieve a weight within the healthy weight range. A total of 22% (65) of respondents selected only non-weight related goals, such as improving nutritional status. A small number (9) of respondents selected both, to maintain current weight and to increase weight as short-term nutritional care goals. There was no significant difference in calculated energy requirement between respondents who aimed to maintain current weight and those who aimed to achieve a weight within the healthy weight range, 970071370 kJ/day (23177327 kcal/day) and 979071380 kJ/day (23397330 kcal/day), respectively (t 202 ¼ À0.4, P ¼ 0.690).
Respondents did not differ significantly according to hospital type, work situation or country of dietetic education (Australia or overseas) with respect to the methods used, calculated energy requirement or importance of the calculation. There was no significant correlation between time spent working in a hospital setting and calculated energy requirement or importance of the calculation. However, there was a significant difference between the method used and time spent working in a hospital setting (F (4, 295) ¼ 2.601, P ¼ 0.036). Respondents using the Schofield equations had spent less time working in a hospital setting and had completed their dietetic education more recently than respondents using the Harris-Benedict equations. The number of respondents using other methods were too small to detect differences in the amount of time spent working in a hospital setting; however, these methods tended to be used by respondents having spent a longer time working in a hospital setting.
A majority of respondents (61.4%) identified education and training as the prime influencing factor in the method used to estimate energy requirements, followed by personal factors, such as experience (43.8%) and workplace policy and procedures (19%). Other influencing factors identified by respondents included the amount of data available, research and current literature, time available and discussions with other practitioners.
Discussion
Developing individualised nutrition support regimens and recommendations requires dietitians to have an understanding of patients' energy requirements. The importance of estimating energy requirements has been well documented and many researchers have attempted to develop prediction equations for use when direct measurement is not possible (Harris & Benedict, 1919; Schofield, 1985; Owen et al, 1986 Owen et al, , 1987 Mifflin et al, 1990; Vinken et al, 1999) . This study aimed to determine current methods used by Australian dietitians for estimating energy requirements of patients and the variability of the outcomes of the calculations. Measurement of energy expenditure is the most accurate method for determining energy requirements (Jequier & Schutz, 1983; Soares et al, 1989; Coss-Bu et al, 1998; Flancbaum et al, 1999) . These methods, however, are difficult in the clinical setting as they are expensive, have long measurement times, require trained personnel to perform them and are impractical (Mifflin et al, 1990; Flancbaum et al, 1999) . Instead, energy requirements are generally estimated by predicting basal metabolic rate (BMR) from equations derived for healthy populations and adjusting for illness by including an injury factor and additional energy for activity. This survey identified that there was no consensus or consistent approach used among respondents for estimating the energy requirement for the given case study. This was evident in the large variation in the calculated energy requirement, a range of approximately 10 500 kJ/day (2508 kcal/day). These results are comparable to those found by White (1998) , where respondents calculated energy requirements within a range of 9000 kJ/day (2150 kcal/day).
In this study, the calculated energy requirements, from all respondents, were in a range of approximately 750% of the mean value. To maintain weight within 71 kg over 3 months, energy intake should be within 73-6% of energy expenditure (Reeves & Capra, 2003) . As the majority of respondents indicated maintaining current weight as the short-term goal for the nutritional care of the case, it is highly likely that the range of calculated energy requirements would produce negative outcomes for the case. In this example, where the patient had lost greater than 10% of usual weight in the previous 6 months, the effects of underfeeding and unnecessary weight loss in a malnourished patient can result in an increase in complications and an increased length of stay (Ottery, 1996) . Only one-third of respondents calculated energy requirement within a range of 7500 kJ (119 kcal, 3-6%) of the mean calculated energy requirement. The methods used for calculating the energy requirement varied among respondents, with the Schofield equations and Harris-Benedict equations most commonly used. Respondents who used the Schofield equations had completed their initial dietetic education more recently than those using the Harris-Benedict equations. This may be because of the more recent development of the Schofield equations (1985) compared to the Harris-Benedict equations (1919) . The Schofield equations have often been promoted as the best estimates available for predicting energy requirements in healthy people (FAO/WHO/UNU, 1985; Warwick, 1989) .
From the case study, the energy per kilogram method was associated with a significantly lower calculated energy requirement. This result is similar to other studies, which have compared this prediction method with measured BMR, showing that predictions underestimated true requirements (Hunter et al, 1988; Ahmad et al, 1999) . Studies comparing measured BMR to BMR predicted by the Harris-Benedict equations in healthy adults have indicated that the equations consistently overestimate requirements, ranging from 104.8 to 113.5% (Daly et al, 1985; Owen et al, 1986 Owen et al, , 1987 Foster et al, 1988; Mifflin et al, 1990; Case et al, 1997) . Few studies have compared the use of the Schofield equations in healthy adults. In this study, respondents using the Schofield equations predicted higher energy requirement values than those using the Harris-Benedict equations, although this does not account for choice of injury factor and activity factor and differences in application of equations.
Education and training were identified by the majority of respondents as the prime influencing factor in the estimation of energy requirements. Methods used by respondents are therefore likely to reflect those that they were taught. A review of major clinical nutrition textbooks identified that the textbooks tend to refer to a number of different equations and methods, and varying injury factors and approaches (Reeves & Capra, 2003) . Additionally, a large number of respondents noted that the amount of information available on a patient plays a major role in their choice of prediction methods. As such, prediction methods seem to be selected based on convenience rather than scientific basis, applicability or accuracy.
The inconsistency in the reasons for selection of an injury factor and value of the injury factor may reflect a lack of understanding in the use of injury factors in the estimation of energy requirements, and the effects of injury and disease on energy expenditure. An injury factor of 1.2 for 'surgery' or 'minor surgery' was most commonly used. Injury factors developed by Long et al (1979) class a 20% increase in energy expenditure compared to Harris-Benedict predictions for 'elective surgeries' such as appendectomy or repair of inguinal herniae. In contrast, a laryngectomy would be classed as more major surgery with a greater insult on the body; therefore a higher injury factor may be more appropriate.
No studies that have developed injury factors based on the Schofield equations have been identified. The Elia (1990) nomogram recommends using the Schofield equations; however, this nomogram appears to be based on no scientific evidence (Reeves & Capra, 2003) . In this study, the Schofield equation was commonly used with injury factors, including those based on other prediction equations (Long et al, 1979) .
Injury factors have been proposed for particular injuries known to increase energy expenditure (Wilmore, 1977; Long et al, 1979; Elia, 1990) . However, by defining specific injury factors the clinical context may be lost, whereby a number of injuries may occur in combination. The literature suggests that the effect of acute injuries on energy expenditure is cumulative, thereby increasing energy requirements further (Halpern, 1987) . Our study, however, indicated that in practice the addition of other injuries to 'cancer', such as 'surgery' and 'previous weight loss', did not increase the median injury factor selected by respondents.
The case study presented some limitations. Firstly, the description for the case did not specify the method of feeding (eg oral or enteral), as it was deemed by the authors to be irrelevant. A number of respondents, however, commented that the importance of the calculation, and indeed whether a calculation was made, was dependent on the feeding method. That is, if the patient was to be enterally fed, the importance of accurately estimating energy requirements was greater. Secondly, the case was a post-surgical cancer patient. The direct effect of cancer on energy requirements following surgery is unknown. That is, if the surgery is expected to be curative, are there ongoing effects of the cancer itself on energy requirements, or are increases in energy expenditure because of acute injuries, such as surgery, alone? Finally, the case study asked that energy requirements be estimated for the immediate postoperative period. There is disagreement as to the nutritional goals in the short term for such a patient, that is, whether nutritional care should aim to maintain weight or gain weight in the short term. While respondents varied in their nutritional goals, this was not translated into differences in calculated energy requirement.
It is important to note that while this study only examined the practice of Australian dietitians, the methods used by dietitians in this survey have been developed and are commonly used in practice internationally. Therefore it is speculated that the variation in practice and estimates of energy requirements observed in this study would be no different to other groups of similarly prepared practitioners.
Conclusions
There is a lack of evidence on the most appropriate methods for estimating energy requirements, particularly in injury and disease. The application of prediction equations to individuals in acute care is not universally understood among practitioners, resulting in considerable variation in estimations of energy requirements. Without a measurement, the 'correct' energy requirement for the case study is unknown; however, it was hoped that the range of the estimates would have been somewhat smaller. Using only the current methods available, dietitians need to have an understanding of the correct application, appropriate use and limitations of these prediction methods. Further research is required to determine more appropriate methods for estimating energy requirements in injury and disease for the current population.
